phosphatases. These enzymes were fractionated by DEAE-cellulose column chromatography. One phosphatase (Pho I) was eluted with the lower concentration of NaCl compared with the other phosphatase (Pho II). In the wild type strain, Pho I was completely repressed in the high-phosphate medium, but 30% of the fully-derepressed level of Pho II was still produced. The phosphatase-negative mutant, P-15, that was shown to accumulate butirosin A-6'-Ndiphosphate in our previous study, produced only one phosphatase (Pho I) under the lowphosphate condition. Therefore, P-15 was characteristic of the deficiency in Pho II synthesis. The partially purified preparations of Pho I and II were characterized. Although both enzymes had a similar molecular weight, they could be differentiated in control of synthesis, heat stability, substrate specificity and other properties. Kinetic properties showedthat Pho-II was more specific than Pho I to aminoglycoside-phosphates; butirosin A-3 '-phosphate, butirosin A-6 /-Ar-diphosphate and 6/-deamino-6/-hydroxybutirosin A-6'-0-diphosphate. The roles of the two phosphatases in butirosin A biosynthesis were discussed.
Our previous paper1} showed that four phosphatase-negative mutants were derived from the potent butirosin A producer BA-44, according to the method of Miki et al.2) One of them, P-15 was found to accumulate butirosin A and butirosin A^'-TV-diphosphate (B-N-PP). Butirosin A production by this mutant was inhibited but B-N-PP production was stimulated by addition of an inorganic phosphate into the fermentation medium,although butirosin A production by the parental strain was not affected. This suggests that some phosphatase activity still remained in P-15 and functioned in dephosphorylation of B-N-PP to butirosin A. If so, the remaining activity in P-15 may be due to unstability of the mutation, or may be mediated by another phosphatase different from the deficient one caused by the mutation. In order to examine these possibilities, we studied phosphatases of B. vitellinus BA-44 and mutant strains. It was found that the parental strain, BA-44 contained two kinds of phosphatases (Pho I and II), and that the phosphatase-negative mutants including P-15 retained only one phosphatase (Pho I). In this paper, some properties of the two phosphatases will be described and discussed in relation to the biosynthesis of butirosin A in B.
vitellin us.
MATERIALS AND METHODS
Bacterial strains and culture conditions. The bacterial strains used in this study were described previously.1* To derepress phosphatases, cells were grown in a 1-liter Erlenmeyer flask containing 200 ml of the low-phosphate medium at 28°C for 2 days on a rotary shaker. This mediumwas prepared according to Miki et al.,2) but sodium lactate was replaced by dextrin (4g/liter) to promote cell-growth. The other media and culture conditions were described in our previous paper.1} Enzyme activity. Cell-free extract was prepared as described previously.1* Phosphatase and aminoglycoside-3'-phosphotransferase activities were determined by the same methods that were reported previously.1}
For kinetic studies, the increase of absorbance at 400nmdue to hydrolysis of />-nitrophenyrphosphate (PNPP) was recorded by a Gil ford spectrometer model 2000 for several minutes. The reaction was performed at 37°C in quartz cuvettes of 1-cm light pass. The reaction mixture contained 100mM Tris-HCl buffer (pH 9.0), PNPP and enzyme solution in a total volume of 3.0 ml. To test for substrate specificity, the reaction was performed at 37°C for 60 min in 1 ml of the mixture containing 100 mMTris-HCl buffer (pH 9.0), 1 mM MgCl2, 2mMsubstrate and enzyme solution. Inorganic phosphate liberated was determined by the method of Nakamura.3) Determination of antibiotics. Butirosin A and B-N-PP were determined as described previously.1* Protein content. Protein was determined by the method of Lowry et al. with bovine serum albumin as a standard. Absorbance at 280nm was also used for determination of protein.
Partial-purification of Pho I. Step 1. The culture (2.5 ml) of the phosphatase-negative mutant, P-15 grown in the low-phosphate mediumat 28°C
overnight was transferred to a 1-liter Erlenmeyer flask containing 250 ml of the same fresh medium. The flask was incubated at 28°C for 20hr. The cells were harvested by centrifugation, washed twice with 100ml of 50mMTris-HCl buffer (pH 7.5, hereafter referred to as Tris-buffer) and resuspended in 300 ml of Tris-buffer. The cell suspension that contained 52g of the wet cells from 7.5 liters of the culture was treated with sonication. After the cell debris was removed by centrifugation (30,000g, 20 min), the supernatant was dialyzed against 5 liters of Tris-buffer.
Step 2. The dialyzate was loaded on a DEAE-cellulose column (2.7 x 50cm). It was washed with 450ml of Trisbuffer, and Pho I was eluted with the linear-gradient concentration of 0~0.5 mNaCl in 1.4 liters of Tris-buffer. Elution was performed at a rate of 30 ml/hr, and fractions of 10ml were collected. Fractions (No. 1 19-^130) eluted with 0.14 to 0.1.8m of NaCl were combined.
Step 3. To this eluate, 73g of (NH4)2SO4 was added, and the solution was kept standing in an ice bath overnight. The precipitate was collected by centrifugation and resuspended in 2.5ml of Tris-buffer. After dialyzing against 2 liters of Tris-buffer, the dialyzate was used as Pho I preparation.
Partial-purification of Pho II.
Step I. The cells of BA-44 grown in the low-phosphate medium at 28°C overnight were harvested by centrifugation and washed twice with 1 liter of Tris-buffer. The wet cells (64 g) were resuspended in 320 ml of Tris-buffer.
After freezing in a deep freezer and thawing, the cell suspension was centrifuged at 20,000 g for 20 min. The cell pellet was washed twice with 60ml of Tris-buffer. The supernatant and wash-fluids were combined and used as a source of Pho II.
Step 2. To 510ml of this enzyme solution, 290g of (NH4)2SO4 was added. The solution was kept standing at 4°C overnight. The precipitate was collected by centrifugation (30,000g, 20 min), and dissolved in 20ml of Trisbuffer. The solution was dialyzed against 2 liters of Trisbuffer.
Step 3. The dialyzate was loaded on a DEAE-Sephadex A-25 column (2.5 x 50cm). Elution was performed with a linear-gradient concentration of 0 to 0.5m NaCl in 1. Step 4. The Pho II fraction obtained at Step 3 was dialyzed against 3 liters of Tris-buffer and loaded on a DEAE-cellulose column (2 x 20 cm). Linear-gradient elution was performed using 400 ml of Tris-buffer and 400 ml of 1 m NaCl in Tris-buffer. A 9.7-ml portion was collected in each fraction at intervals of 10 min. Fractions No. 34 to 39 were combined.
Step 5. The Pho II fraction was concentrated by precipitation with 20 g of (NH4)2SO4 and subsequent dialysis.
Step 6. The concentrated Pho II fraction (4ml) was applied to Sephadex G-100 gel filtration.
The column (1.8 x 90cm) was pre-equilibrated with Tris-buffer containing 0.1 m KC1. The same buffer was used for elution. The flow rate was 30ml/hr, and fractions of 3ml were collected. Fractions No. 25 to 31 were combined.
Step 7. The enzyme solution obtained at Step 6 was concentrated to 2 ml with a collodion bag, and rechromatographed by gel filtration under the same aforementioned conditions. Fractions No. 26 to 31 were pooled and concentrated to 2 ml with a collodion bag. The concentrate was used as Pho II preparation. All operations were carried out at 0~5°C throughout the purification steps.
Estimation of molecular weight. The molecular weight of phosphatase was estimated by Sephadex G-100 gel filtration according to the method of Andrews.5)
Materials.
Collodion bags were purchased from Sartorius Filter Ltd. All phosphorylated derivatives of aminoglycoside antibiotics were prepared in our research laboratories; streptomycin-6-phosphate,6) dihydrostreptomycin-6-phosphate, 6) xylostasin-5//-phosphate,7) ribostamycin-5//-phosphate,7) butirosin A-6/-iV-diphosphate,1)
6 '-deamino-6 '-hydroxybutirosin A-6 '-O-diphosphate and monophosphate,1* and the other 3'-phosphorylated derivatives.8~10)
RESULTS
Phosphatase activity during fermentation The potent butirosin A producer, BA-44, Butirosin A production by BA-44 abruptly increased after a lag time of 20 hr and reached about 1.8 mg/ml at 92hr. The similar pattern of production was observed in P-15, although it accumulated butirosin A and butirosin A-6'-7V-diphosphate. B-N-PP was produced at a slower rate during the later period (44~92 hr) of production phase than the earlier period (20~44hr).
As shown in Fig. 1 , phosphatase activity of BA-44 was mainly detected in the cell-free extract (intracellularly) at 20hr of fermentation. Its maximumlevel was observed both in the cell-free extract and culture filtrate (extracellularly) at 44hr. At the later phase of fermentation, the ratio of the intracellular activity to extracellular activity was reversed.
There was little or no change in the content of inorganic phosphate in the culture filtrate during fermentation of BA-44.
In the case ofP-15, only a little phosphatase activity was detectable in both the intracellular and extracellular fractions at 20 hr. It was first observed in the intracellular fraction at 44hr, at which time inorganic phosphate was almost completely consumedfrom the cluture filtrate.
The intracellular activity thereafter decreased gradually and then the extracellular activity was detected. It should be noted that the phosphatase activity of P-15 was 10%or less that of BA-44 during fermentation.
Characterization of phosphatases by DEAEcellulose column chromatography
As described above, P-15 produced a detectable amountof phosphatase although it was isolated using phosphatase-negative property. It is therefore important to determine whether the phosphatase of P-15 was identical with that of BA-44. The cell-free extracts were prepared from the 40 hr-fermented cells of BA-44 and P-15. Their phosphatases were examined in pH-dependency on activity and analyzed by DEAE-cellulose column chromatography.
Both phosphatases showed pH-optima in the alkaline range. (The data were similar to those of the partially purified enzymes as shown in Fig. 7 .) However, the obvious defference between their activities was observed when the activity was determined in Glycine- NaOHbuffer. The phosphatases of P-15 and BA-44 were about 60% and 5% active, respectively, in Glycine-NaOH buffer (pH 9.0) compared with Tris-HCl buffer (pH 9.0). This difference was used as a feature in differential estimation of the two phosphatases. As shown in Fig. 2 , phosphatase from BA-44 was eluted by 0.25 to 0.3m NaCl and that from P-15, by 0.15 to 0.21 m NaCl. The activity in each fraction in the chromatograms was characterized by the response to GlycineNaOHbuffer, as well as the activity of the cellfree extracts. This showed that phosphatase activity of BA-44 and P-15 might be mediated by different enzymes.
Aminoglycoside-3 '-phosphotransferase activity was detected at the samelocation on both chromatograms.
Derepression ofphosphatases
Since a decrease in the inorganic phosphate of the culture filtrate appeared to induce phosphatase synthesis in P-15 ( Fig. 1) , we tried to determine whether phosphatases of BA-44and P-15 were derepressed under the lowphosphate condition. The modified medium of Miki et al.2) was used as a low-phosphate mediumin which Bacillus subtilis is known to produce phosphatases at a derepressed level. WhenBA-44 and P-15 were grown in this medium without the addition of K2HPO4, maximumactivities were observed in the cellfree extracts of both strains (Table I) . These levels were 9 and 23 times as high as the specific activities of BA-44 and P-15, respectively, from 40hr-fermented cells. Phosphatases of both strains were repressed in proportion to the concentration of K2HPO4added to the low-phosphate medium. However, phosphatase of BA-44 determined in Tris-HCl buffer was not completely lost under higher concentration (more than 1 mM)of K2HPO4, and about 15% of the maximumactivity was still retained in contrast with P-15. As these samples were assayed in Glycine-NaOH buffer, phosphatase activities of both strains were lowered in the same manner in proportion to K2HPO4 concentrations. These complications can be interpreted by assuming that BA-44 produces two kinds of phosphatases, and one being the same as that ofP-15. This was tested by DEAE-cellulose column Conditions by DEAE-Cellulose Column Chromatography. The cell-free extracts were prepared from BA-44 cells grown under derepressed (low-phosphate medium) and repressed (low-phosphate medium+0.8 him K2HPO4)conditions. The same preparations as those in Table I were applied and the chromatographies were carried out in the same mannerdescribed in Fig. 1 . The arrows showthe location whereaminoglycoside-S '-phosphotransferase was eluted. Phosphatase activity: Tris-HCl buffer (-O-) and Glycine-NaOH buffer (-#-).
chromatography.
Characterization of derepressed phosphatases
by DEAE-cellulose column chromatography and Pho II (latter). A similar elution pattern was also obtained when the cell^free extract from cells of the original strain, Z-1 159 grown in the low-phosphate medium, was analyzed by DEAE-cellulose column chromatography. Therefore, we concluded that the strain Z-l 1 59
and its potent butirosin A derivative, BA-44 were identical from the viewpoint of the property that two kinds of phosphatases, Pho I
and Pho II, were produced under the derepressed condition.
Under the repressed condition that was made by the addition of 0.8mM K2HPO4 to the low-phosphate medium, BA-44 produced only one phosphatase. It was confirmed to be Pho II from its location on the chromatogram and its weak activity in Glycine-NaOH buffer (Fig. 3b) . This observation shows that the effect of K2HPO4on Pho I synthesis was severely reductive but Pho II synthesis was not completely inhibited.
Based on the difference in activity in Tris-HC1 buffer and Glycine-NaOH buffers, the contents ofPho I and Pho II were calculated in the cell-free extracts of BA-44 (Table I ). The result showed that BA-44 still produced 30% of the fully-derepressed level of Pho II even if the highest concentration of K2HPO4 was added.
On the other hand, the phosphatasenegative mutant, P-15 produced only one phosphatase under the derepressed condition. This phosphatase was confirmed to be Pho I from elution by the lower concentration of NaCl (0.15 to 0.2m) and the higher activity in Glycine-NaOH buffer (Fig. 4) . This was consistent with the severe inhibition of phosphatase synthesis of P-15 by K2HPO4,as well as Pho I synthesis of BA-44 (Table I) . The other phosphatase-negative mutants, P-101, P-126, P-144 and B-l-22 were shown to produce only Pho I but not Pho II by DEAEcellulose column chromatography (data not shown).
Stability ofPho I and Pho II
The difference between Pho I and Pho II was also revealed by the stability of the enzymes. As described above, the cell-free extracts from the derepressed P- Column Chromatography. The cell-free extract of P-1 5 was prepared from cells grown in the low-phosphate medium. The chromatography was carried out in the same manner described in Fig. 1 examined by using these cell-free extracts. Figure 5 shows that Pho II was more stable than Pho I during incubation at 50°C. After the cell-free extracts were incubated at 50°C for 10 min at various buffer pH, residual activities were determined. As shown in Fig. 6 Therefore, Pho I was purified by DEAEcellulose column chromatography and subsequent (NH4)2SO4-precipitation, and further purification was not performed.
A relatively large amount of Pho II was excreted into the culture filtrate as shown in Fig. 1 . This may reflect the location ofPho II in the cell, such as membrane-bound. In purification, the supernatant obtained by centrifugation of the cell suspension after freeze- Fig. 5 were used. The Pho I (5.3mg protein, 1.67 units/ml) and Pho II (6.5mg protein, 0.92 unit/ml) solution (1 ml) were mixed with 0.5ml of0.5 m Acetate (pH 3.5 to 6.5), Tris-HCl (pH 7.0 to 9.0) and Glycine-NaOH (pH 8.5 to 10.5) buffers, and kept standing at 50°C for lOmin. The solutions were diluted with cold Tris-HCl buffer (3.5ml, 0.05 m, pH 7.5) and left on an ice bath. The residual activity was determined in the same manner described in Fig. 5 . The ratio of the activity in Glycine-NaOH buffer to Tris-HCl buffer. thawing treatment was used as the source of Pho II. This treatment resulted in a specific release of Pho II of about 60% yield. Only a little Pho I activity was actually detected in
Step 2 of Pho II purification.
The following experiments were performed with the enzymepreparations obtained at the final steps.
Optimum pH ofPho I and Pho II To determine the pH dependency of the activities, butirosin A-3'-phosphate and /?-nitrophenylphosphate (PNPP) were used as substrates. The maximumactivity of Pho I was observed at pH 10.5 for both substrates.
The optimum pH ofPho II was 9.5 to 10.0 for PNPP and 8.5 to 9.0 for butirosin A-3'-phosphate (Fig.  7) .
The different kinds of buffer showed characteristic effects on the activity of Pho II. When PNPPwas used as a substrate, diethanolamine buffer was most effective, but Glycine-NaOH buffer did not support the activity of Pho II.
Estimation of molecular weight of Pho I and simultaneously applied as a standard of known molecular weight. As shown in Fig. 8 , both enzymes were located between monomer(Afw, 67,000) and dimer (Mw, 134,000) of bovine serum albumin, indicating that the molecular weights of both phosphatases were estimated to be 100,000± 10,000. The results are summarized in Table III , and the relative activities are shown as percentages compared with the activities of Pho I and Pho II for butirosin A-3 '-phosphate. Pho II was more active to aminoglycoside phosphates than the other phosphate compounds, whereas by contraries, Pho I used phosphate compounds other than aminoglycoside phosphates as good substrates. Pho I Pho II activity in a noncompetitive mode. Table IV shows that aminoglycoside phosphates had higher affinities to Pho II, and conversely nucleotides and inorganic phosphate had higher affinities to Pho I. These kinetic properties also revealed differences in Pho I and Pho II as we had already described The production of B-N-PP by mutant P-15 was stimulated by addition of inorganic phosphate to the fermentation medium. Wheninorganic phosphate was deprivated from the medium, P-15 produced a detectable amount of phosphatase in spite of its phosphatasenegative property (Fig. 1 (Table   I ). Another point in the production of two distinct phosphatases is the isolation of phosphatase-negative mutants. These mutants were confirmed to retain Pho I synthesis but to be deficient in Pho II synthesis. In fermentation medium, only one phosphatase was produced by BA-44 (Pho II) and P-15 (Pho I), as shown in Fig. 2 An alkaline phosphatase has been known to be synthesized in accordance with the production of neomycin in S. fradiae. the formation ofbutirosin A, as well as Pho II. Figure 10 shows the terminal steps of butirosin A biosynthesis in B. vitellinus based on our collective results and assumptions.1 '9) 
